To simulate the host-specified challenges ingested salmonellae encounter along the 79 alimentary canal during infection in an in vitro laboratory environment, isolates (Table 1) were 80 characterised for their acid tolerance and swim/swarm motility. In addition, differences in 81 susceptibility to salts of the main acid constituents of bile were determined by Minimum 82 Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) assays. 83
84
The acid tolerance response of Salmonella is a complex defence mechanism employed by the 85 pathogen to defend against the acid shock experienced in the stomach 6 . Increased numbers 86 for the majority of isolates were recorded following 1 and 2 hours of growth at pH 2.5 before 87 significant reductions in viable numbers occurred at 4 hours ( Supplementary Fig. S1 ). Motility 88 has been suggested as a virulence determinant with respect to invasion with notable non-89 motile and/or host adapted exceptions [23] [24] [25] [26] . After 24 hours of incubation at 21 °C, S. Bareilly 90 CFSAN001111 and S. Javiana CFSAN000905 exhibited a reduced swim phenotype when 91 compared to S. Typhimurium ST4/74 (P < 0.001) whereas S. Newport CFSAN003345 and S. 92 Saintpaul CFSAN004090 exhibited an increased swim phenotype (P < 0.001). At 37 °C, S. 93 Anatum CFSAN003959 and S. Tennessee CFSAN001387 exhibited a reduced swim 94 phenotype after 8 and 24 hours when compared to S. Typhimurium ST4/74 (P < 0.001) 95
( Supplementary Fig. S2 ). In the absence of glucose as a carbon source, no swarm motility was 96 observed for any of the isolates regardless of temperature or incubation time (Supplementary 97 6 Fig. S2 ). During digestion, contraction of the gall bladder releases bile into the small intestine. 98
Salmonella Weltevreden CFSAN001415 showed a two-fold difference in susceptibility to 99 sodium deoxycholate (DOC) in comparison to S. Typhimurium ST4/74 although the MBC was 100 comparable to the other isolates ( Supplementary Table S1 ). 101 102 Intracellular survival of atypical S. enterica serovars in murine and human macrophages 103 104 Salmonella Typhimurium pathogenesis has been extensively studied in vivo using murine 105 models and ex vivo using murine cell lines (such as J774.2 and RAW 264.7). However, the 106 differences in the ability of Salmonella to survive and replicate within human macrophages is 107 currently not well described 27 To study the ability of the isolates to survive phagocytosis, infections were performed using 114 murine RAW 264.7 and differentiated human THP-1 macrophages by the gentamicin 115 protection assay adapted from protocols previously described [29] [30] [31] [32] Of the 10 atypical serovars tested in this study, all isolates were found to persist within RAW 121 264.7 macrophages for 24 HPI with many of these increasing in number over the course of the 122 infection. In the case of S. Weltevreden CFSAN001415, a 1-Log10 decrease in intracellular 123 bacteria between 2 and 24 HPI was recorded though this isolate was still recoverable. In 124 contrast, S. Tennessee CFSAN001387 exhibited a 1-Log10 increase in intracellular bacteria 125 between 2 and 24 HPI. Similar numbers of viable bacteria were recorded for S. Typhimurium 126 14028S and ST4/74 ( Fig. 1a ). 127
128
The highest and lowest mean Colony Forming Units (CFU)/mL for all 10 atypical serovars are 129 shown ( Supplementary Table S2 ). When the Log2 fold change was calculated, S. Weltevreden 130 CFSAN001415 recorded the largest decrease at 8 and 24 HPI ( Fig. 1b ). Of note, S. Bareilly 131 CFSAN001111 showed an unusual infection profile in that it had the highest mean CFU/mL at 132 2 HPI, possibly indicative of increased invasiveness, despite normalisation of the infections by 133 centrifuging the cell culture plates. The latter observation was maintained for all subsequent 134 time points. However, the mean CFU/mL at 4, 8 and 24 HPI for S. Bareilly CFSAN001111 135 were lower than other isolates. 136
137 When compared to S. Typhimurium ST4/74, significant differences were observed in the 138 infection profile of specific isolates at individual time points ( Supplementary Table S3 ). Time 139 courses longer than 24 hours were not possible in RAW 264.7 as this resulted in cell death or 140 proliferation of the macrophages themselves which would skew the MOI. Although differences 141 between these isolates were observed in RAW 264.7 macrophages, the inability to consistently 142 extend the time course of the assay beyond 24 HPI limited the utility of this ex vivo murine 143 8 model to discern any further differences in the ability of the isolates to survive and persist 144 following phagocytosis. To mitigate this limitation and differentiate the isolates in a human 145 relevant context, additional assays were carried out in differentiated THP-1 macrophages. 146
147
Of the 10 atypical serovars tested in this study, all persisted within THP-1 macrophages for 24 148 HPI with the majority exhibiting no significant changes in viable numbers up to this time point. 149
As with RAW 264.7 macrophages, the only exception noted when infecting THP-1 150 macrophages was recorded for S. Weltevreden CFSAN001415 which exhibited a 1-Log10 151 decrease in mean CFU/mL between 2 and 24 HPI but remained recoverable. Upon extending 152 this assay beyond 24 hours to 168 HPI, equivalent to 7 days, all serovars with the exception of 153 S. Anatum CFSAN003959 and both S. Typhimurium 14028S and ST4/74 reference strains 154 were recoverable with the majority exhibiting a 2-Log10 decrease in intracellular bacteria. 155
Exceptions to this were noted for S. Cubana CFSAN002050, S. Heidelberg CFSAN002063 156 and S. Tennessee CFSAN001387 which showed a 1-Log10 decrease in intracellular bacteria 157 between 2 and 168 HPI with S. Tennessee CFSAN001387 displaying the smallest decrease of 158 all isolates. Conversely, S. Weltevreden CFSAN001415 demonstrated the largest decrease in 159 bacterial cell numbers at 168 HPI but unlike S. Anatum CFSAN003959 and both S. 160 Typhimurium 14028S and ST4/74 reference strains, it could still be recovered at the end of the 161 assay ( Fig. 1a ). 162
163
The highest and lowest mean CFU/mL among the 10 study isolates are shown 164
( Supplementary Table S2 ). In THP-1 macrophages, S. Weltevreden CFSAN001415 had the 165 lowest mean CFU/mL at 24 and 168 HPI of the recoverable isolates as observed in the Log2 166 9 fold change ( Fig. 1b ). As observed in RAW 264.7 macrophages, S. Tennessee CFSAN001387 167 had the highest mean CFU/mL at 24 HPI as well as 168 HPI in THP-1 macrophages. When 168 compared to S. Typhimurium ST4/74, significant differences were observed in the infection 169 profiles of specific isolates at individual time points ( Supplementary Table S2 ). 170 171 Fewer significant differences were observed between isolates when compared to S. 172
Typhimurium ST4/74 infection in human THP-1 macrophages versus murine RAW 264.7 173 macrophages highlighting the potential unsuitability of the murine model for inferring human 174 relevant differences between isolates in NTS infection. Overall, the viable intracellular bacteria 175 recorded at later time points, including 24 HPI, was significantly higher in RAW 264.7 than 176 THP-1. Bacterial cell numbers reached as high as 1 x 10 7 mean CFU/mL in RAW 264.7 for 177 some atypical serovars compared with values that did not exceed 1 x 10 5 mean CFU/mL in 178 THP-1 for all isolates. This 2-Log10 difference supports our observations showing the inability 179 of RAW 264.7 to clear infecting bacteria compared with THP-1 macrophages. 180
181
The viability of both murine and human macrophages following infection with each of the 182 selected bacterial isolates was measured using colorimetric assays to measure extracellular 183 Glucose 6-Phosphate (G6P) and Lactate DeHydrogenase (LDH) activities compared with 184 uninfected control macrophages. No significant differences were observed in host cell viability 185 following a MOI of 10:1 ( Supplementary Fig. S4 and Supplementary Fig. S5 ). This is in 186 agreement with recent studies that used flow cytometry based techniques to quantify apoptosis 187 in macrophages infected with different Salmonella strains 27,33 . 188 189 10 As S. Tennessee CFSAN001387 was noted to be the most proliferative isolate in THP-1 190 macrophages, exhibiting the lowest reduction in viable intracellular bacteria between 2 and 168 191 HPI, further assays were performed to directly compare to S. Typhimurium ST4/74 with CFU 192 being enumerated at 2, 4, 8, 24, 48, 72, 96, 120, 144 and 168 HPI. This was done to 193 determine when S. Typhimurium ST4/74 was no longer recoverable compared with S. 194 Tennessee CFSAN001387. Salmonella Typhimurium ST4/74 exhibited an overall 1-Log10 195 reduction between 2 and 48 HPI with an additional 2-Log10 reduction in viable bacteria by 72 196 hours. After 96 and 120 HPI, S. Typhimurium ST4/74 was barely detected and was 197 unrecoverable at 144 and 168 HPI. In comparison, S. Tennessee CFSAN001387 exhibited an 198 overall 1-Log10 reduction between 2 and 168 HPI, similar to the previous infections ( Fig. 1c ). 199
Differences between these two isolates were significant at multiple individual time points 200
( Supplementary Table S4 ). ( Supplementary Table S5 ). 215
216
In THP-1, increased proinflammatory cytokine (including CXCL8, IL1B, IL6 and TNF), cytokine 217 (including CSF2, IL1A, IL12B and VEGFA) and chemokine (including CCL2, CCL3, CCL4 and 218 CXCL10) release was recorded at 8, 24 and 168 HPI across a selection of these isolates in 219 comparison with uninfected control macrophages. As with RAW 264.7, when comparing 220 infection with the 10 atypical serovars in this study to S. Typhimurium ST4/74 in THP-1, 221 significant increased proinflammatory cytokine and chemokine release was observed, further 222 differentiating the isolates by the innate host response ( Fig. 3) ( Supplementary Table S5 ). 223 224 Salmonella Heidelberg CFSAN002063 stimulated the release of CCL3, CSF2, CXCL8, 225 CXCL10, IL1A, IL1B, IL6, IL12 and TNF to levels in excess of those observed for S. 226
Typhimurium ST4/74, particularly at 8 HPI and from 4 to 168 HPI with respect to TNF 227 ( Supplementary Fig. S7 ). In the gentamicin protection assays it was noted that although both 228 S. Tennessee CFSAN001387 and S. Weltevreden CFSAN001415 could be recovered at 168 229 HPI from THP-1 macrophages, these two isolates exhibited different infection profiles. The 230 former displayed the smallest reduction in viable intracellular bacteria over the time course of 231 the infection whereas the latter displayed the largest reduction in viable numbers. This can be 232 accounted for in the overlapping yet contrasting cytokine profile of THP-1 macrophages 233 following infection with these isolates. Salmonella Tennessee CFSAN001387 and S. 234
Weltevreden CFSAN001415 stimulated the release of CCL3, CCL4, IL1A, IL6, IL12B and TNF 12 to levels in excess of those observed for S. Typhimurium ST4/74 ( Fig. 4a, Fig. 4b and Fig. 4c ). 236
In addition, S. Weltevreden CFSAN001415 stimulated the release of CCL2, CXCL10, CSF2 237 and IL1B triggering a broader response in comparison to that observed for S. Tennessee 238 CFSAN001387 (Fig. 4a, Fig. 4b and Fig. 4c ). 239 240 Overall, the human macrophages mounted a much greater proinflammatory response to 241 infection in comparison to the murine model ( Fig. 4c) . A homolog of the human CXCL8 gene is 242 absent in mice. However, the murine Cxcl1 gene codes for a functionally homologous 243 protein 34 . The latter was not released from infected RAW 264.7 to the levels observed for 244 performed on these data and the N50 length for Illumina sequenced assemblies ranged from 257 403 to 763 kbp with an average N50 length of 586 kbp ( Supplementary Table S6 ). These 258 13 genome sequences were used to determine the relationships between the isolates to identify 259 key differences that may explain the phenotypes observed in the previous experiments. 260
Genetic diversity was characterised by amino acid sequence similarity that identified highly 261 conserved SPI regions between these isolates despite the broad range of serovars in addition 262 to distinct variable regions and/or absence of key effector proteins in specific isolates ( Fig. 5  263 and Supplementary Fig. S8 ). laboratory-confirmed human cases of salmonellosis as reported annually by the CDC 50 . These 324 data identify key differences between isolates related to their ability to survive within 325 macrophages and highlight the potential unsuitability of the widely used murine macrophage 326 model to infer human relevant distinctions between isolates. We have shown that for NTS 327 serovars, distinct differences in the inflammatory response of human macrophages can further 328 differentiate these microorganisms in a manner that was not possible with murine 329 macrophages ( Fig. 3) . Furthermore, the reference strains S. Typhimurium 14028S and ST4/74 330 that are often included in in vitro research emerged as the biological outliers in many respects 331 with regards to their infection phenotype (Fig. 1 ). In the case of specific proinflammatory 332 cytokines such as TNF, RAW 264.7 macrophages responded to infection with S. Typhimurium 333 14028S and ST4/74, S. Tennessee CFSAN001387 and S. Weltevreden CFSAN001415 334 whereas THP-1 macrophages displayed a broader proinflammatory response to the range of 335 serovars studied (Fig. 4) . 336 337 These data suggest more differences than previously acknowledged for S. enterica serovars 338 with implications for public health. In agreement with this notion, key differences were identified 339 in established virulence determinants of Salmonella such as SPI gene content bridging the gap 340 between the observed phenotypes and the underlying genotypes. Further work will be required 341 to understand the full scope of other potential targets within the genomes of these isolates 342 such as the accessory gene content unique to individual strains, many of which are currently 343 poorly characterised. The growth of all isolates in LB broth was assessed using a Multiskan FC microplate 393 photometer (Thermo Fisher Scientific) ( Supplementary Fig. S3 ). Measurements were taken 394 every 15 minutes over 24 hours at OD620 nm. The instrument was kept at 37 °C with shaking 395 during kinetic intervals. 396 397
Preparation of bacterial inoculum for infection 398 399
The MIC and MBC for gentamicin (CN) was determined for all isolates using the broth dilution 400 method according to CLSI guidelines. Susceptibility or resistance was classified according to 401 the lower working concentration of 20 μg/mL used in the gentamicin protection assays as 402 detailed below. 403 404 Inoculum stocks for each isolate were prepared by streaking and restreaking individual 405 bacterial isolates onto LB agar. Individual colonies from restreaked isolates were taken and 406 used to inoculate 5 mL LB broth before growth overnight at 37 °C with orbital shaking at 200 407 RPM. Overnight cultures were centrifuged at 5,500 RCF for 10 minutes. The supernatant was 408 discarded and the bacterial cell pellet resuspended in 5 mL PBS before centrifugation again at 409 5,500 RCF for 10 minutes. Finally, the pellet was resuspended in 5 mL of PBS (15 % [v/v] 410 glycerol) solution before aliquoting (250 μL/microcentrifuge tube) and freezing at -80 °C. 411
Representative inoculum stocks for each isolate were decimally diluted in PBS and 100 μL 412 21 aliquots of the dilutions were plated onto LB agar. Agar plates were incubated for 18 hours at 413 37 °C before enumeration of the CFU. heat inactivated FBS and incubated at 37 °C in a humidified atmosphere with 5% CO2. Cell 427 viability was assessed using trypan blue and a Bio-Rad TC20 automated cell counter. 428 429 Cells were subcultured and 1 mL was directly seeded into 24 well plates at a density of 1 x 10 5 430 cells/mL per well. THP-1 monocytes were differentiated to adherent macrophages by 431 supplementing media with 20 ng/mL phorbol 12-myristate 13-acetate (PMA) for 5 days. 432
433
Prior to infection, inoculum stocks for each bacterial isolate to be assessed were diluted in 434 complete media to 1 x 10 6 bacteria/mL for a MOI of 10:1 and incubated at 37 °C for 1 hour. 435 22 Macrophages were washed 3 times with 1 mL Hank's Balanced Salt Solution (HBSS) before 1 436 mL of the bacterial suspension prepared as outlined above, was added to each well with 1 mL 437 of complete media being added to uninfected control wells. These 24 well plates were 438 centrifuged at 300 RCF for 5 minutes at room temperature (21 °C) before incubation at 37 °C 439 with 5 % CO2 for 1 hour to allow for phagocytosis. 440 441 Following phagocytosis, the cells were washed 3 times with 1 mL HBSS. A volume of 1 mL 442 complete media supplemented with 100 μg/mL gentamicin was added to each well before 443 incubation at 37 °C with 5% CO2 for 1 hour to kill external bacteria. After 1 hour, cells were 444 washed 3 times with 1 mL HBSS. Another volume of 1 mL of complete media supplemented 445 with 20 μg/mL gentamicin was then added to each well before incubation at 37 °C with 5 % 446 CO2 for the desired time points. 447 448 Time points were processed by washing the cells 3 times with 1 mL HBSS before 1 mL 1 % 449
[v/v] Triton X-100 PBS solution was added to the infected cells prior to incubation at room 450 temperature for 10 minutes. Lysed supernatants were decimally diluted in PBS and 100 μL 451 aliquots of the dilutions were plated onto LB agar. Agar plates were incubated for 18 hours at 452 37 °C before enumeration of the CFU. Supplementary Table 10 ). 471
For RAW 264.7 supernatants, targets were quantified at 0 hours (before infection) and 1, 2, 4, 472 8 and 24 HPI. For THP-1 supernatants, targets were quantified at 0 hours (before infection) 473 before inspecting the quality of the reads using FastQC (version 0.11.5) 58,59 . Error correction 507 was performed using BFC (version r181) 60 . A relaxed sliding window trim for an average Phred 508 quality score of 10 was performed using Trimmomatic (version 0.36) before the genomes were 509 de novo assembled with SPAdes (version 3.7.1) using the default k-mer size selection for 250 510 bp reads and the automatic coverage cutoff threshold 61,62 . The quality of the subsequent 511 assemblies was assessed using Bandage (version 0.8.0) and QUAST (version 4.1) 63,64 . 512
Contigs were excluded from the assembly if they were shorter than 200 bp. 513 514 Analysis of the PacBio data was implemented using SMRT Analysis 2.3.0. The best de novo 515 assembly was established with PacBio Hierarchical Genome Assembly Process (HGAP 3.0) 516 program using the continuous-long-reads from the three SMRT cells. The assembly outputs 517 from HGAP produced circular contiguous sequences with overlapping regions at the end that 518 can be identified using dot plots in Gepard (version 1.40) 65 . Genomes were checked manually 519 for even sequencing coverage. Afterwards the interim consensus sequence was used to 520 determine the final consensus and accuracy scores using Quiver consensus algorithm 66 . 521 522 All sequences and assemblies are publicly available with accession numbers provided (Table  523 1) and are submitted for annotation using the NCBI Prokaryotic Genome Automatic Annotation 524 Pipeline (PGAAP) 67 . 525 526 Sequence analysis 527 528 Salmonella Pathogenicity Island (SPI) gene content was compared to S. Typhimurium ST4/74 529 for all isolates ( Fig. 5 and Supplementary Fig. S8 ). Homologous amino acid sequences for 530 each protein were identified and generated using BLAST+ (version 2.3.0) and Biopython 531 (version 1.66) 68-70 . Amino acid sequence similarity was assessed using a Needleman-Wunsch 532 global alignment through the EMBOSS analysis software (version 6.6.0) 71 . 533 534 Pan-genome analysis 535 536 To limit bias among different annotation tools for downstream analyses, additional annotation 537 of all isolates included in this study was performed using Prokka (version 1.11) 72-79 . Presence 538 or absence of protein sequences from all strains was determined using the pan-genome 539 pipeline Roary (version 3.6.1) ( Supplementary Fig. S9b and Supplementary Fig. S9c HPI. Results for isolates in the study correspond to the mean of three independent assays (n = 780
3) with duplicate technical replicates. Results for reference strains S. Typhimurium 14028S 781
